A 34-year-old male was referred for management of bladder cancer noted on workup for gross hematuria and new-onset irritative voiding symptoms. The patient's history was significant for recently diagnosed granulomatosis with polyangiitis for which he was undergoing treatment with oral cyclophosphamide and corticosteroids. Cystoscopy revealed lesions suspicious for malignancy, but the patient was diagnosed with hemorrhagic cystitis secondary to BK virus infection upon cytology review, and immunostaining confirmed a polyomavirus infection of the urothelium. The patient's symptoms resolved after a modification of his immunosuppressive regimen, and antiviral therapy was ultimately unnecessary. Though symptomatic BK virus infection of the genitourinary tract is common in immunosuppressed transplant patients, its occurrence in a patient undergoing immunomodulation for an autoimmune disease has not been reported yet. This case illustrates the potential for active BK virus infections in atypical patient populations and underscores the importance of rigorous hematuria workup, particularly in patients with multiple risk factors.
Introduction
Hemorrhagic cystitis (HC) is one of many causes of gross hematuria and may be incited by a variety of factors including chemotherapeutic agents (e.g. cyclophosphamide, ifosfamide), radiation therapy, or infection. BK virus-associated HC is a relatively rare diagnosis, typically reported in posttransplant patients whose immunosuppression permits viral reactivation and replicative infection [1] . We present a patient initially referred with the diagnosis of bladder cancer, who on further evaluation was reclassified as having HC secondary to BK polyomavirus infection. Our patient had been maintained on low-dose immunosuppression for granulomatosis with polyangiitis (previously known as Wegener's granulomatosis) with steroids and oral cyclophosphamide for >1 year. This case is a remarkable example of BK virus infection causing HC in a patient without the typical risk factors, and it underscores the value of a thorough medical history and workup of patients with hematuria.
Case Report
A 34-year-old man was referred for an evaluation of presumptive bladder cancer diagnosed on gross hematuria evaluation. The patient reported a sudden onset of lower urinary tract discomfort and burning associated with a mild end-stream discoloration of his urine. These symptoms progressed, and he was empirically treated for a bacterial urinary tract infection by his primary physician with two separate courses of antibiotics. His dysuria worsened and he noted the onset of severe urinary frequency associated with bloody urine and small clots. At this point, he was referred to a urologist who performed a standard hematuria workup including urinalysis, cystoscopy and CT of the abdomen and pelvis. Imaging was unremarkable for genitourinary pathology except for haziness of the perivesicular fat, which was suggestive of an inflammatory or infiltrative process. Urinalysis was positive for hemoglobin and a urine culture was negative. Cystoscopy revealed a mass-like effect on the anterior and posterior bladder walls with inflammation, erythematous lesions, bullous edema, and focal necrosis highly suspicious of bladder cancer. Urine cytology was notable for atypia. Based on these findings, the patient was referred to a tertiary center for management.
Further questioning revealed a medical history notable for never-smoking status and a diagnosis of granulomatosis with polyangiitis, which had been made 8 months prior. He had initially presented with skin lesions on the lower extremities and subsequent laboratory studies confirmed the diagnosis. Workup demonstrated an involvement of the lung, nasopharynx, eyes, and skin; however, the patient's kidney function was intact and preserved over the course of his illness and treatment. He underwent inpatient induction therapy with plasmapheresis and high-dose corticosteroids and was discharged on an immunosuppressive regimen of 15 mg prednisone and 200 mg cytoxan daily. Three months prior to presentation, his prednisone regimen was reduced to 12.5 mg daily. Cystoscopy revealed findings similar to what has been previously noted ( fig. 1 ). Cytology review revealed atypia consistent with polyomavirus infection. Biopsy was considered but deferred pending immunostain for polyomavirus (SV-40 antigen) on the previous urine cytology sample. SV-40 antigen immunostaining revealed a pattern of reactivity consistent with polyomavirus infection ( fig. 2 ). With a preliminary diagnosis of HC secondary to BK polyomavirus, the patient was referred to an infectious disease specialist for management. Specific antiviral therapy was not initiated in favor of discontinuing cyclophosphamide and starting methotrexate for immunosuppression. Supportive measures were provided for symptoms which waned quickly and finally returned to baseline.
Discussion
Hematuria is associated with many medical diagnoses, some of which represent urologic diseases. While the most common presentation for bladder cancer is hematuria, the converse is not true. The assessment of patients with hematuria necessitates a thorough medical history and careful evaluation. The complexity of our case includes the diagnosis of granulomatosis with polyangiitis and ongoing therapy with cyclophosphamide and immunosuppression, all of which can lead to hematuria for different reasons.
Granulomatosis with polyangiitis is a form of vasculitis that affects small and mediumsized vessels of many organs. In 75% of cases, it involves the kidney and characteristically causes a rapidly progressive glomerulonephritis [2] . Gross hematuria is seldom seen in glomerulonephritis. Hematuria in this setting is microscopic resulting from intrarenal pathology secondary to inflammation and it is classically associated with red blood cell casts. Our patient's presentation is inconsistent with what would be expected from granulomatosis with polyangiitis-associated rapidly progressive glomerulonephritis. No red blood cell casts were observed on microscopic urinalysis nor was there any evidence of declining kidney function or proteinuria at any point in his treatment.
Initial therapy with 3-6 months of moderate-dose cyclophosphamide (2 mg/kg/day) plus glucocorticoids is the standard of care for disease suppression and remission induction in granulomatosis with polyangiitis [3] . The use of cyclophosphamide is complicated by its toxicity, particularly in the genitourinary tract. Cyclophosphamide causes HC and exposure to cyclophosphamide significantly increases the risk for bladder cancer. Cyclophosphamideassociated HC is due to acrolein, a renally cleared metabolite that concentrates in the bladder, where it causes urothelial necrosis and inflammation [4, 5] . Cyclophosphamide toxicity is dose dependent and associated HC may present either acutely or chronically depending on the cumulative drug exposure over a given time period [6] . High-dose IV cyclophosphamide therapy is most likely to cause acute HC, appearing within days of administration. Conversely, prolonged low-to-moderate doses of oral cyclophosphamide may lead to a chronic cystitis with symptoms appearing ≥1 year after initiating therapy [6] . The risk of HC in patients undergoing cyclophosphamide therapy can be reduced by shortening the treatment course, fluid administration and coadministration of mesna (a chemical inactivator of acrolein). Dexamethasone may also be effective in reducing bladder inflammation due to cyclophosphamide. However, dexamethasone was not found to be effective on its own and initial administration of mesna is required to protect against the development of HC [4] . At the time of symptom onset, our patient's cumulative cyclophosphamide intake was 30-40 g over <7 months -a level of exposure which has not been implicated in either acute or chronic forms of cyclophosphamide-associated HC.
While urologists are keenly sensitive to the relationship between blood in the urine and bladder cancer, this is an unusual diagnosis in a 34-year-old with no smoking history, in spite of his cyclophosphamide exposure. Only 0.4-1.5% of all bladder tumors present in this age group with a 0.02% probability of representing invasive disease (1 in 4,942) [7] . Cohort studies of patients treated with cyclophosphamide have consistently shown a dosedependent increased risk for bladder cancer, and there is at least some evidence of an increased baseline risk for granulomatosis with polyangiitis patients even without cyclophosphamide exposure [8] [9] [10] . However, the duration of low-dose cyclophosphamide treatment in our patient was relatively short and not considered predisposing for the development of bladder cancer. A study of cyclophosphamide-associated bladder cancers reported that cancer diagnoses followed the initiation of therapy by at least a few years [10] . Our patient's cyclophosphamide dose represents a risk factor for bladder cancer later in his life and warrants a low threshold for workup. However, the short interval between the initiation of therapy and the onset of the patient's symptoms are uncharacteristic of cyclophosphamide-associated bladder cancer.
Given the patient's age, his relatively modest and brief exposure to cyclophosphamide, and the cytolopathologic findings, the proximate cause of HC was suggested to be a BK virus reactivation due to immunosuppressive therapy for granulomatosis with polyangiitis. BK virus is a human polyomavirus known to cause significant renal and urinary tract disease in immunosuppressed patients. Though HC secondary to BK virus infection is well-described in transplant patients undergoing intense immunosuppression, it is an uncommon problem outside of this setting [11] . Furthermore, BK virus reactivation in a patient receiving immunomodulation to treat autoimmune disease has not been previously described.
BK virus is a member of the papovavirus family, which also includes JC virus and SV-40. BK virus is found in virtually all populations but does not cause significant disease in the immunocompetent host. A recent report shows that up to 86.3% of hospitalized patients have plyomavirus viruria, with a higher prevalence in those without versus those with asymptomatic hematuria [12] . When host defenses are significantly suppressed, latent viruses may reactivate and initiate a lytic life cycle which manifests clinically as disease of the tissues in which the virus has reactivated [11] . BK virus has a tropism for the urinary tract, and common complications of reactivation in immunocompromised hosts include HC, nephritis, and nephropathy. BK virus is ubiquitous in humans, with documented seroprevalence rates of up to 90% by late childhood [13] . A clinically significant infection is most frequently seen in patients receiving renal and hematopoietic stem cell transplants, in which case the profound immunosuppression required for successful engraftment sets the stage for virus reactivation. BK virus infections are relatively infrequent among patients undergoing solid organ transplantation except in the case of renal grafts, which carry a 1-10% risk of infection in the posttransplant period [1, 14] . Currently, there is no widely accepted explanation for the increased risk of BK virus in renal transplant patients compared to recipients of other solid organs. Bennett et al. [11] hypothesized that renal transplant represents a compound risk of viral reactivation due to immunosuppression and local tissue injury [15] . Symptomatic BK virus infection has been reported in patients with AIDS and other states of immunocompromise, but these cases are exceptional. BK virus reactivation due to immunosuppressive therapy used to manage autoimmune disease is unprecedented in the literature but offers insight into the management of these patients.
Methods for diagnosing BK virus infection demonstrate the presence of the virus either directly by PCR and immunohistochemistry, or indirectly by cytologic examination for characteristic viral cytopathic changes (e.g. decoy cells) [14] . Decoy cells are about twice the size of deep transitional cells and have scanty cytoplasm, sometimes with short cytoplasmic tails (comet cells). Their enlarged nuclei show characteristic large round, opaque, smudgy inclusions, which often artifactually leach out ( fig. 2 ). Serology is not useful due to the high rate of exposure and ubiquity of latent infection. PCR for viral DNA in urine or plasma is relatively quick and noninvasive but lacks sensitivity; an observation of decoy cells on urine cytology is more sensitive but less specific [14] . The gold standard diagnostic procedure is biopsy with histological analysis for cytopathic effects in addition to a positive polyomavirus/SV-40 immunostain. In order to maximize accuracy and minimize invasiveness, we elected to forgo biopsy but increased the specificity by performing urine cytology for decoy cells as well as immunohistochemistry using polyomavirus/SV-40 (polyclonal) antibody.
Studies of BK virus infection in renal transplant patients indicate that the level of immunosuppression predicts the risk of BK-induced HC more than the type of immunosuppressive agent [11, 16] . Our patient had been on dual immunomodulator therapy with cyclophosphamide and prednisone, and his risk of BK-associated HC may have been increased by subclinical urothelial injury from concurrent cyclophosphamide therapy. Some investigators have reported circumstantial evidence that cyclophosphamide therapy before hematopoietic stem cell transplant is associated with the development of BK virus HC after transplantation [15] . This process in the bladder may be analogous to that occurring in the renal grafts.
In conclusion, this appears to be the first description of symptomatic BK virus infection in a patient undergoing immunosuppressive treatment for granulomatosis with polyangiitis. This case is instructive for the clinical assessment of patients presenting with hematuria. The diagnosis of BK virus-induced HC could be made only by the careful evaluation of the patient's history, symptoms, laboratory data, imaging, and pathological findings. The identification of BK virus-associated HC in a patient who presented with none of the classic epidemiological risk factors demonstrates that this condition may appear in an outpatient urological setting and should not be ruled out prematurely. 
